
PATENT COOPERATION TREATY 

PCX 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
#40210281 DVGrJMD 



FOR FURTHER 
ACTION 



See Notification of Transmittal of International Preliininar>' 
Examination Report (Form PCTAPEA/4 1 6). 



International Application No. 
PCT/AUOO/00236 



International Filing Date (day/month/year) 
23 March 2000 



Priority Date (day/month/year) 
23 March 1999 



International Patent Classification (IPC) or national classification and IPC 
Int. CI. ' C08K 3/04; C04B 35/52, 35/524 



Applicant 

THE UNIVERSITY OF MELBOURNE etal 



1. 



2. 



This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 5 



sheets, including this cover sheet. 



This report is also acconpanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see 
Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 10 sheet(s). 



3. This report contains indications relating to the following items: 



I 




II 


□ 


III 


□ 


IV 


□ 


V 




VI 




VII 


□ 


VIII 





citations and explanations supporting such statement 



Certain observations on the international application 



Date of submission of the demand 
2 October 2000 


Date of completion of the report / 

7 August 2001 ^ 


Name and mailing address of the IPEA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200, WODEN ACT 2606, AUSTRALIA 
E-mail address: pct@ipaustralia.gov.au 
Facsimile No. (02)6285 3929 


Authorized Officer 

DR. A. TESSEMA 

Telephone No. (02) 6283 2271 



Form PCT/IPEA/409 (Cover sheet) (July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/AUOO/00236 



Basis of the report 



With regard to the elements of the international application:* 
I I the international application as originally filed. 

|X| the description, pages 5, 7, 8, 10-13, as originally filed, 

pages 1-4, 9 , received on 8 June 2001 with the letter of 8 June 2001, 

pages 6, received on 19 February 2001 with the letter of 19 February 2001 

pages , as originally filed, 

pages , as amended (together with any statement) under Article 19, 

pages , filed with the demand, 

pages 14-17, received on 8 June 2001 with the letter of 8 June 2001 

pages 1/6-6/6, as originally filed, 

pages , filed with the demand, 

pages , received on with the letter of 



X the claims. 



X the drawings. 



I I the sequence listing part of the description: 

pages , as originally filed 
pages 
pages 



filed with the demand 
received on with the letter of 



With regard to the language, all the elements marked above were available or fiimished to this Authority in the language in 
which the international application was filed, unless otherwise indicated under this item. 
These elements were available or furnished to this Authority in the following language which is: 
I [ the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 

I I the language of publication of the international application (under Rule 483(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 
and/or 55.3). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 
I I contained in the international application in written form. 

I I filed together with the international application in conqjuter readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readable form. 

I I The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished, 

I I The statement that the information recorded in conqsuter readable form is identical to the written sequence listing has 
been furnished 

I I The amendments have resulted in the cancellation of: 

I I the description, pages 

I I the claims, Nos. 

I I the drawings, sheets/fig. 

I I This report has been established as if (some of) the amendments had not been made, since they have been considered to 
go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 
report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70. J 6 and 70, J 7). 

Any replacement sheet containing such amendments must be referred to under item J and annexed to this report 
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V. Reasoned statement under Article 35(2) with regard to novelt>% inventive step or industrial applicability; citations 

and explanations supporting such statement 



1 , Statement 



Novelty (N) 


Claims 


1-32 


YES 




Claims 


33-39 


NO 


Inventive step (IS) 


Claims 


1-27 


YES 




Claims 


28-32, 33-39 


NO 


Industrial applicability (lA) 


Claims 


1-39 


YES 




Claims 




NO 



2. Citations and explanations (Rule 70.7) 

NOVELTY; INVENTIVE STEP: Claims 28 - 32 and 33 - 39 

(a) HP 818510 (b) JP 4-1 17439 (c) JP 9-132461 (d) JP 7-315931 (e) US 4983451 
(f) JP 3-187908 (g) EP 466962 

The invention defined in claims 33 - 39 is fully disclosed by each of documents (a) and (b). Each document 
discloses a composition comprising mesophase carbon/mesocarbon, a phenolic resin and an inorganic filler 
such as silicone carbide[ see col. 1, line 23-col. 2, line 53, col. 3, line 14-col. 4, line 13, claims 1-6, 8 and 9 of 
(a) and abstract of (b) ]. A method of producing the composition as well as an article manufactured from the 
composition is also disclosed by each of documents (a) and (b). Therefore, present claims 33 - 39 do not 
satisfy the PCT requirements of novelty and inventive step. 

The invention defined in claims 28 - 32, and 33 - 39 does not involve an inventive step in the light of each 
of documents (c) to (g) and (a) and (b) ( see novelty objection above ), respectively. Each document discloses a 
composition comprising mesophase carbon/mesocarbon and a phenolic resin [ see abstracts of (c), (d), (f); col. 
1, lines 13-15, col. 4, lines 33-59, col. 5, line 63 - col. 6, line 17, claims 1, 2, and 8 of (e); and whole document 
of (g) ]. These documents do not disclose the inorganic filler defined in present claim 28; however, there is no 
disclosure in the present application which suggests that the inclusion of the inorganic filler in the present 
composition results in a product superior over that of the prior art. Indeed page 2, line 19, of the present 
application indicates that the inorganic filler is not essential to the present invention; this is further supported 
by the absence of such a filler in examples 1 and 2 which are allegedly defining the claimed invention. 
Furthermore, the feature that allegedly distinguishes the claimed invention from the prior art, that is the 
synthetic mesophase carbon is " derived from aromatic hydrocarbons ( see claim 1 ) is not included in 
independent claim 28 ( see also observation 2 in Box VIE ). As there is no suggestion in the description that an 
unexpected result is achieved by the inclusion of the inorganic filler in the present composition, the invention 
defined in the above claims cannot be considered to involve an inventive step. 
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VI. 



Certain documents cited 



1. 



Certain published documents (Rule 70. 1 0) 



Application No. 
Patent No. 



Publication date 
(day /month/year) 



Filing date 
(day/month/year) 



Priority date ( valid claim) 
(day/month/year) 



WO 9965843 



23 December 1999 



21 May 1999 



28 May 1998 



2. Non- written disclosures (Rule 70.9) 

Kind of non-written disclosure Date of non- written disclosure Date of written disclosure referring to non- 

(day/month/year) written disclosure 
(day/month/year) 
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VIIL Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 



1 . The scope of claim 21 is unclear because the term " the polymer or polymer composite " does not have antecedent in 
any one of the preceding claims. 

A similar observation applies to claims 23 and 26. 

2. The invention defined in claim 28 is not fully supported by the description because it omits the feature that the 
synthetic mesophase carbon is " derived from aromatic hydrocarbons This feature is described at page 2, lines 23-24, 
as an essential feature of the invention and, hence, independent claim 28 is required to define this feature ( see also 
inventive step objection in Box V ). 

3. The term " presented " in claim 21 should be " present 
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BMPROVED CARBON-CONTAINING MATERIALS 

The invention relates to improved carbon-containing materials, methods for 
their preparation and articles manufactured from them, in particular steel 
fabrication equipment, electrodes in electrolytic cells used in aluminium 
5 production, refractories in high temperature furnaces and other engineering 
products. 

Carbon bonded composite materials are finding increasing use as 
replacements for traditional ceramic composites. Such replacement usually results 
in greatly improved properties and processing ability. Examples can be found in a 
10 wide range of industries which include those manufacturing refractory products 
such as steel fabrication equipment and electrolytic cells used in aluminium 
production. 

In the preparation of carbon bonded composites, an organic polymer phase 
is converted to a type of carbon during heating which usually progresses through 

15 various temperatures of up to 2000°C. These composites also generally contain 
carbon black fillers which are added to control rheological properties, assist in 
processing or improve mechanical properties. The physical state of the carbon 
may vary from fine particles to fibers and platelets. 

Although this practice has been adopted for many years, the effect of 

20 carbon black on the organic polymer phase formation during curing and the 
carbon structure produced during pyrolysis has received little or no attention. We 
have now found that carbon black has a significant impact on the final formation 
of the carbon material from the polymer. In general, the porosity of the carbon 
material derived from polymer resin will increase when more carbon black is 

25 added. This porous structure results in low density and sub optimum mechanical 
properties. We have also found that other carbon sources such as pulverized 
graphite or carbon derived from pyrolysis of phenolic resins exhibit similar effects 
to carbon black. 

Mesophase carbon was developed in the last few years for the purpose of 
30 making graphitic carbon at relative low temperatures of 2000 to 2500°C. 
Mesophase carbon may be derived synthetically from aromatic hyrdocarbons or 

AMENDED SHEET 
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from petroleum pitch. Synthetic mesophase which can be derived from aromatic 
hydrocarbons such as naphthalene consists of up to 100% anisotropy, while 
mesophase derived from petroleum pitch usually has only up to 75% anisotropy. 
Synthetic mesophase was developed as a superior precursor to graphitisation and 
5 is extensively used in carbon fiber applications. Such materials are usually used as 
a binderless mould and appUcation temperatures are generally more than 2000°C. 

We have now found that when synthetic mesophase carbon derived from 
aromatic hydrocarbons is used as a filler in combination with an organic polymer 
binder that carbon materials having unexpected and improved properties are 
10 obtained. These carbon materials generally have a low porosity measured as a low 
surface area, high carbon yield, high composite density and good mechanical 
properties. 

According to one aspect of the present invention there is provided a 
composition suitable for the preparation of a carbon-containing material including: 
15 (i) a binder phase containing an organic resin component or a polymer 

composite; 

(ii) synthetic mesophase carbon derived from aromatic hydrcarbons; 

and 

(iii) optionally filler particles. 

20 According to another aspect of the present invention there is provided a 

method for preparing a carbon-containing material including the steps of: 

(a) mixing a binder phase containing an organic resin component or 

polymer composite with synethetic mesophase carbon derived from 

aromatic hydrocarbons and optionally filler particles; 
25 (b) curing the mixture; and 

(c) heating the cured mixture. 

The term "organic resin component" is used herein in its broadest sense to 
denote low molecular weight polymerisable entities through to higher molecular 
weight entities containing many repeat units. The term includes monomers, 
30 dimers and oligomers. 
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A wide range of resin structures are possible but generally this structure 
will be dictated by resins with a low number of heteroatoms and high carbon 
content. Suitable resins are those of the formulae (I) and (11) respectively: 

R - XH (I) 
5 POLYMER - R - XH (II) 

wherein X is oxygen, sulphur or nitrogen and R is aryl, imidoaryl, alkyl, alkenyl, 
alkynyl or heterocyclyl which may be optionally substituted. 

In this specification "optionally substituted" means a group that may or 
may not be further substituted with one or more groups selected from alkyl, 
10 alkenyl, alkynyl, aryl, halo, haloalkyl, haloalkenyl, haloalkynyl, haloaryl, hydroxy, 
alkoxy, alkenyloxy, alkynyloxy, aryloxy, carboxy, benzyloxy haloalkoxy, 
haloalkenyloxy, haloalkynyloxy, haloaryloxy, nitro, nitroalkyl, nitroalkenyl, 
nitroalkynyl, nitroaryl, nitroheterocyclyl, azido, amino, alkylamino, alkenylamino, 
alkynylamino, arylamino, benzylamino, acyl, alkenylacyl, alkynylacyl, arylacyl, 
15 acylamino, acyloxy, aldehydo, alkylsulphonyl, arylsulphonyl, 
alkylsulphonylamino, arylsulphonylamino, alkylsulphonyloxy, arylsulphonyloxy, 
heterocyclyl, heterocycloxy, heterocyclylamino, haloheterocyclyl, alkylsulphenyl, 
arylsulphenyl, carboalkoxy, carboaryloxy, mercapto, alkylthio, arylthio, acylthio 
and the like. 

20 Organic resins components having hydroxyl groups such as those of the 

formulae (I) and (II) above wherein X is oxygen and R is optionally substituted 
aryl, for example, phenolic resins or substituted phenolic resins are preferred. 
Suitable phenolic resins include phenol-aldehyde type resins such as 
phenol-formaldehyde type resins, for example, resole or novolac and phenolic 

25 imide or phenolic polyimide. It will be appreciated that the phenolic resins may 
be substituted with any non-deleterious substituent including alkyl, for example, 
methyl or t-butyl; or imide, for example, maleimide or succinimide. 

The desirable composite will have a heteroatom, such as nitrogen in the 
system from polymer or crosslinker or solvent. This can be done by using an 

30 organic binder having nitrogen, such as polymide; crosslinker, such as HMTA; or 
a solvent, such as pyridine. 
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The term "polymer composite" is used herein in its broadest sense and 
refers to the combination of an organic resin component with another material, 
such as, for example, other polymers, particulate matter and/or additives known in 
the polymer art. It will be appreciated that one or more of the other materials may 
5 be inert or chemically reactive. The polymers may be selected from those defined 
above and can be in the form of a solution, dispersions, fibers or particles. The 
additives may include crosslinkers such as hexamine which is also known as 
hexamethylene tetramine (HMTA), polymerisation promoters, catalysts, soaps, 
wetting agents, accelerators, hardeners and sources of formaldehyde such as 

10 formalin, paraform or trioxane. Suitable polymer composites include novolac- 
HMTA, novalac-furfuryl alcohol(FA)-HMTA, resole-novolac-HMTA, resole- 
carbon, resole-carbon-novolac-HMTA-FA,novolac-HMTA-FA-carbon, novolac- 
HMTA-FA-carbon-TiB2, resole-carbon-alumina-silica, carbon-TiB2-resole, 
imidophenol-HMTA, poly(N-(hydroxyphenyl) maleimides)-HMTA and 

15 polyimide-novolac. A preferred polymer composite is novolac-FA-HMTA. 

The mesophase carbon can be in the form of fibers, pellets, platelets or 
powder. The powder form can be obtained by pulverising the mesophase in a ball 
mill. As discussed above, the mesophase may be derived synthetically from 
aromatic hydrocarbons such as naphthalene. Examples include 100% anisotropic 

20 mesophase derived from naphthalen. The 100% anisotropic naphthalene may be 
prepared by cationic oligomerisation catalysed by HF/BF3. The mesophase may 
be untreated or pre-treated by heating generally up to about 600*^C. 

The selection of filler particles largely depends upon the intended use of the 
carbon containing material. Examples of particulate matter include coated or 

25 uncoated fibers, platelets, pigments, fillers, polyesters, metallic mesh, silicon 
oxides, graphite, carbon black, carbides or nitrides and inorganic material such as 
aluminium, magnesia, zirconia, bauxite, clay, alumina, titanium diboride, 
zirconium diboride or titanium oxide. For instance, the inclusion of titanium 
diboride fillers provides a carbon material which can be used as a wetted cathode 

30 in advanced aluminium reduction cells. 
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The carbon-containing material of the present invention has many desirable 
properties including controlled surface area, high density, good mechanical 
strength. Strain to Failure (StF) values and anti-corrosion properties. For example, 
the carbon-containing material may have a total surface area of 20 m^/g (Langmuir 
5 method) which gives excellent anti-corrosion, a high mechanical strength of about 
60 MPa after curing and about 58 MPa after heating, a high carbon density of 
more than about 1.4 g/cm^ and improved oxidation resistance with the oxidation 
temperature under O2 being higher than about 570°C. 

These desirable properties enable the carbon-containing material of the 

10 present invention to have various industrial appUcations. High performance 
carbon materials having anti-corrosion properties are often required by the 
refractory industry to form cathodes in aluminium reduction cells or bricks in steel 
making vessels. On the other hand, good mechanical and anti-oxidation properties 
of carbon materials are important in the products used in steel processing. 

15 Thus, the present invention also extends to articles manufactured from the 

carbon-containing material, made from ferrous and non ferrous materials, glasses 
and ceramics, for example, steel fabrication equipment such as slide gates or 
valves, tap hole blockers and blast furnace linings, electrolytic cells used in 
aluminium production and other engineering products such as thermal protection 

20 barriers, aerospace components and aircraft, satellite and space craft structures. 

The method used to prepare the carbon-containing material of the present 
invention is simple and the precursors of the binder phase and the mesophase 
carbon are commercially available and cheap. Accordingly, the present invention 
has the capability of producing a high performance material in an efficient and 

25 economical way. 

The invention will now be described with reference to the following 
examples. These examples are not to be construed as Umiting the invention in any 
way. 

In the examples, reference will be made to the accompanying drawings in 

30 which: 
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other carbon sources. These carbon sources include pulverised graphite, carbon 
obtained from the pyrolysis of pure novolac/HMTA/FA to 1000°C and carbon of 
the same pure resin after pre-treatment using the profile described in Example 1 . 
The resulting mixtures were then cured and pyrolysed to 1000°C as described in 
5 Example 1 . Table 1 shows that these carbon sources have similar effects to carbon 
black on the porosity of the final formed carbon/carbon composite. 

Different types of mesophase were tested under the same conditions and 
the results are shown in Table 1 below. The other mesophase carbon used was 
mesophase derived from naphthalene without pre-treatment. Table 1 indicates that 
10 this mesophase carbon has a similar effect on the porosity of the final formed 
carbon materials as the pre-treated mesophase. The pyrolysis weight loss is also 
much higher. 

Table 1. Effect of other carbon fillers on the carbon material formation from 
15 a novolac/HMTA/FA mixed system 





50% 
Carbon 
Black 


50% 
pre-treated 
mesophase 


50% 
graphite 
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resin 
carbon 
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un-treated 
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Claims 

1. A composition suitable for the preparation of a carbon-containing material 
including: 

5 (i) a binder phase including an optionally substituted phenolic resin; 

(ii) synthetic mesophase carbon from aromatic hydrocarbons and; 

(iii) inorganic filler particles suitable for use as refractory material for high 
temperature applications. 

2. A composition is claimed in claim 1 wherein the phenolic resin is a phenol- 
ic aldehyde type resin. 

3. A composition is claimed in claim 2 wherein the phenol-aldehyde type resin 
is a phenol-formaldehyde type resin. 

4. A composition as claimed in any one of claims 1 to 3 wherein the phenolic 
resin is selected from either resole or novolac and phenolic imide or phenolic 

15 poly amide or mixtures thereof. 

5. A composition as claimed in any one of claims 1 to 4 wherein the phenolic 
resin is substituted with alkyl or imide. 

6. A composition as claimed in claim 5 wherein the alkyl is methyl or t-butyl. 

7. A composition as claimed in claim 5 wherein the imide is maleimide or 
20 succinimide . 

8. A composition as claimed in any one of claims 1 to 7 where the refractory 
material is one or more of non oxide refractory materials. 

9. A composition as claimed in claim 8 wherein the non oxide refractory 
material is boride, carbide and/or nitride. 

25 10. A composition as claimed in claim 9 wherein the boride is titanium diboride 
and/or zirconium diboride. 

11. A composition as claimed in claim 9 wherein the carbide is silicon carbide or 
titanium carbide. 

12. A composition as claimed in claim 9 wherein the nitride is silicon nitride or 
30 aluminium nitride. 
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13. A composition as claimed in any one of claims 1 to 12 further comprising an 
additive selected from the group consisting of crosslinkers, polymerisation 
promoters, catalysts, soaps, wetting agents, accelerators, hardeners and/or sources 
of formaldehyde. 

5 14. A composition as claimed in claim 13 wherein the crosslinker is hexamine 
(hexamethylene tetraniine (HMTA)). 

15. A composition as claimed in claim 13 wherein the source of formaldehyde is 
formalin, paraform or trioxane. 

16. A composition as defined in any one of claims 1 to 15 wherein the binder 
10 phase is selected from the group consisting of novolac-HMTA, novalac-furfuryl 

alcohol(FA)-HMTA, resole-novolac-HMTA, resole-carbon, resol-carbon-novolac- 
HMTA-FA, novolac-HMTA-FA carbon, novolac-HMTA-FA-carbon-TiBa, resole- 
carbon-alumina-silica, carbon-TiB2 resole, imidophenol-HMTA, poly(N- 
(hydroxyphenyl) maleimides)-HMTA or polyimide-novolac. 
15 17. A composition as defined in claim 16 wherein the binder phase is novolac- 
FA-HMTA. 

18. A composition as claimed in any one of claims 1 to 17 wherein the 
mesophase carbon is in the form of fibres, pellets, platelets or powder. 

19. A composition as claimed in any one of claims 1 to 18 wherein the 
20 mesophase carbon is 100% anisotropic mesophase derived from naphthalene. 

20. A composition as claimed in any one of claims 1 to 18 wherein the 
mesophase carbon is pre-treated by heating. 

21. A composition as claimed in any one of claims 1 to 19 wherein the polymer 
or polymer composite and/or mesophase carbon are presented in the form of a 

25 solution. 

22. A composition as claimed in claim 21 wherein the solvent used in the 
solution is inert or chemically reactive. 

23. A composition as claimed in claim 22 wherein the solvent is incorporated in 
the polymer or polymer composite. 

30 24. A composition as claimed in claim 22 or claim 23 wherein the solvent is 
water or an organic solvent. 
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25. A composition as claimed in claim 24 wherein the organic solvent is an 
aromatic, ketone, alcohol, ester, ether or mixtures thereof. 

26. A composition as claimed in any one of claims 1 to 25 wherein other 
additives known in the polymer art are included in the polymer, polymer composite 
and/or synthetic mesophase carbon mixture. 

27. A composition as claimed in any one of claims 21 to 26 wherein the 
mesophase carbon is combined with a solution of novolac/HMTA/FA. 

28. A method for preparing a carbon-containing material including the steps of: 

(a) mixing a binder phase containing an organic resin component or 
polymer composite with synthetic mesophase carbon and inorganic filler particles 
suitable for use as refractory material for high temperature applications; 

(b) curing the mixture; and 

(c) carbonising the cured mixture to above 800°C. 

29. A method as claimed in claim 28 wherein the mixture of the binder phase 
and the mesophase carbon is cured at temperatures up to about 205 °C under 
pressure. 

30. A method as claimed in claim 28 or 29 wherein the cured mixture is heated 
up to temperatures above about 800°C. 

31. A method as claimed in claim 30 wherein the temperature is about 1000°C. 

32. An article which is wholly or partly manufactured from the carbon- 
containing material defined in any one of claims 1 to 32. 

33. An article as claimed in claim 32 which is steel fabrication equipment or 
other engineering products. 

34. An article as claimed in claim 33 wherein the steel fabrication equipment is 
slide gates or valves, tap hole blockers or blast furnace linings. 

35. An article as claimed in claim 34 which is used as part of an electrode in the 
electrolytic production of metals. 

36. An article as claimed in claim 35 wherein the metals are aluminium and/or 
magnesium. 

37. An article as claimed in claim 32 or 36 which is used as a refractory liner in 
furnaces used for high temperature processing of materials. 
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38. An article as claimed in claim 37 wherein the materials are ferrous and non 
ferrous metals, glasses and ceramics. 

39. An article as claimed in claim 33 wherein the engineering product is thermal 
protection barriers, aerospace components or aircraft, satellite or space craft 
structures. 




The carbon-containing material of the present invention has many desirable 
properties including controlled surface area, high density, good mechamcal 
strength. Strain lo Failure (StF) values and anti-corrosion properties. For example, 
the carbon-containing material may have a total surface area of 20 mVg (Langmuir 
5 method) which gives excellent aati-corrosion, a high mechanical strength of about 
60 MPa after curing and about 58 MPa after heating, a high carbon density of 
more than about 1.4 g/cm' and improved oxidation resistance with the oxidation 
temperature under being higher than about 570°C. 

These desirable properties enable the carbon-coniaining material of the 
10 present invention to have various industrial apphcations. High performance 
carbon materials having anti-coirosion properties are often required by the 
refractory industry to form cathodes in aluminium reduction ceHs or bricks in steel 
maldng vessels. On the other hand, good mechanical and anti-oxidation properties 
of carbon materials are important in the products used in steel processing, 
15 Thus, the present invention also extends to articles nianufactured from the 

carbon-containing material, made from ferrous and non ferrous materials, glasses 
and ceramics, for example, steel fabrication equipment such as sHde gates or 
valves, tap hole blockers and blast furnace linings, electrolytic cells used in 
altiminium production and other engineering products such as thermal protection 
20 barriers, aerospace components and aircraft, satelHte and space craft stracmres. 

The method used to prepare the carbon-containing material of the present 
.invention is simple and the precursors of the binder phase and the mesophase 
carbon are commercially available and cheap. Accordingly, the present invention 
has the capabiHty of producing a high performance material in an efficient and 

25 economical way. 

The invention will now be described with reference to the foUbwing 
examples. These examples are not to be construed as hmiting the invention m any 
way. 

In the examples, reference will be made to the accompanying drawings in 

30 which: 
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IMPROVED CAISBON-CONTAININGMATEBIALS 
lie invention rdat« to improved carton-containing materials, methods for 
to preparation and articles manufactured ftom them, in particular steel 
fabrication equipment, electrodes in electrolydc cells used in altmnmum 
paction, reftactories in high temperate toaces and other engmecrmg 

^°*^bon bonded composite mat«ials are fmding ir>creasing use as 
replacements for ttaditional ceramic composites. Such replacement usu^y results 
iJ^eaflyimprovedproperties and processing ability. Examples can befoundm a 
^e of indusMes v,hich include drose manufac»ring refractory products 
.uch as steel fabrication equipment and electolytic cells used in alummium 

production. - 

In the preparation of carbon bonded composites, an organic polym^ phase 
is converted to a type of carbon during heating which usually progresses through 
various temperances of up to 2000=C. 'n>ese composites also generally contam 
carbon black fillers which are added to control Theological properties, assist m 
processing or imi^ve mechanical prop«ties. "me physical state of the carbon 
nay vary from fine particles to fibers and platelets. , „ , 

Although this practice has been adopted for many years, the effect of 
, carbon blaclt on the organic polymer phase formation during curing and- ^ 
carbon s^mre produced doring pyrolysis has received htde or no atten^on. . We 
bave now found that carbon black has a sigmficant impact on .he fmal f ormahon 
• of the carbon material ftom the polymer, m general, the porosis of tbe^carbon 
derived from polymer resin will irrcrease when more carbon b^k rs 
5 added. This porous st^cmre results in low density and sub optimum nrechamc^ 
properties. We have also found .hat other carbon sources such as pulv^ 
iajhite or carbon derived ftom pyrolysis of phenolic resins exhibit smnlar effects 

to carbon black. ^ 
Mesophase carbon was developed in the last few years for flie purpose of 
30 making graphitic carbon at relative low tempera^res of 2000 to 2500'C. 

Mesophase carbon may be derived syntheticaUy ftom aromatic hyrdooarbons or 
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from peiroleum pitch. Synthetic mesophase ^hich can be derived from aromauc 
hydrocarbons such as naphthalene consists of up to 100% anisotropy, v^hile 
mesophase derived from petroleTmx pitch usuaUy has only up to 75% anisotropy. 
Synthetic mesophase was developed as a superior precursor to graphitisation and 
is extensively used in carbon fiber appHcauons. Such materials are usually used as 
abinderless mould and appHcaiion temperatures are generally more than 2000«C. 

We have now found that when synthetic mesophase carbon derived from 
aromatic hydrocarbons is used as a filler in combination with an organic polymer 
binder that carbon materials having unexpected and im^oved properties are 
obtained. Uese carbon materials generally have a low porosity measured as alow 
surface area, high carbon yield, high composite density and good mechamcal 
properties. 

According to one aspect of the present invention there is provided a 
composition suitable for the preparation of a carbon-containing material including: 

(i) a binder phase containing an organic resin component or a polymer 
composite; 

(ii) synthetic mesophase carbon derived from aromatic hydrcaibons; 

and 

(iii) optionally fiUer particles. 

According to another aspect of tiie present invention there is provided a 
method for preparing a carbon-containing material including the steps of: . 

(a) mixing a binder phase containing an organic resin component or 
polymer composite with synethetic mesophase carbon derived from 
aromatic hydrocarbons and optionally filler particles; 
5 (b) curing the mixture; and 

(c) heating the cured mixture. 

The term -organic resin component" is used herein in its broadest sense to 
denote low molecular weight polymerisable entities through to higher molecular 
v^eight entities containing many repeat units. The temi includes monomers, 
30 dimers and oUgomers. 
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A ^^dde range of resin structures are possible but generally this structure 
will be dictated by resins with a low number of heteroatoms and high carbon 
content Suitable resins are those of the formulae (1) and (H) respectively: 

R-XH ® 
POLYMER- R-XH (^I> 
wherein X is oxygen, sulphur or nitrogen and R is aryl. iinidoar>'l. alkyl, alkenyl. 
alkynyl or heterocyclyl which may be optionally substituted. 

In this specification "optionally substituted" means a group &at may or 
niay not be further substituted with one or more groups selected from alkyl. 
alkenyL alkynyl, aryl, halo, haloalkyl. haloalkenyl. haloalkynyl. haloaryl. hydroxy, 
alkoxN', alkenyloxy, alkynyloxy, aryloxy, carboxy, benzyloxy haloalkoxy. 
haloalkenylox>'. haloalkynyloxy. haloaryloxy. nitro, nitroalkyl, nitroalkenyl. 
nitroalkynyl, nitroaryl. nitroheterocyclyl. azido. amino, alkylamino. alkenylammo, 
alkynvlamino. arylamino. benzylammo, acyl, alkenylacyl. alkynylacyl. aiylacyl, 
acylamino. acyloxy, aldehydo, alkylsulphonyl, arylsulphonyl, 
alkylsulphonylamino. arylsulphonylamino, alkT/lsulphonyloxy, arylsulphonyloxy, 
heterocyclyl, heterocycloxy. heterocyclylamino. haloheterocyclyl. alkylsulphenyl. 
arylsulphenyl, carboalkoxy, carboaryloxy, mercapto. alkylthio. arylthio, acylthio 
and the like. 

Organic resins components having hydroxyl groups such as those of the 
formulae CD and 01) above wherein X is oxygen and R is optionally substituted 
aryl, for example, phenolic resins or substituted phenolic resins are preferred. 
• Suitable phenohc resins include phenol-aldehyde type resins such as 
• phenol-formaldehyde type resins, for example, resole or novolac and phenohc 
nnide or phenohc polyimide. It will be appreciated that the phenoUc resins may 
be substituted witii any non-deleterious substiment including alkyl. for example, 
methyl or t-butyl; or imide. for example, nialeimide or succinimide. 

The desirable composite wiU have a heteroaiom. such as nitrogen in the 
system from polymer or crosslinker or solvent This can be done by using an 
30 organic binder having nitrogen, such as polymide; crosslinker, such as HMTA; or 
a solvent, such as pyridine. 
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The teim ''polymesr composite" is used herein in its broadest sense and 
refers to tiie combination of an organic resin component with another material, 
such as. for example, other polymers, particulate matter and/or additives known in 
the polymer art. It will be appreciated that one or more of the other materials may 
3 be inert or chemically reactive. The polymers may be selected from those defined 
above and can be in the form of a solution, dispersions, fibers or particles. The 
additives may include crosslinkers such as hexamine which is also known as 
hexamethylene tetramine (HMTA), polymerisation promoters, catalysts, soaps, 
wetting agents, accelerators, hardeners and sources of formaldehyde such as 
10 formalin, paraform or trioxane. Suitable polymer composites include novolac- 
HMTA, novalac-furfuryl alcohol(FA)-HMTA, resole-novolac-HMTA, resole- 
carbon. resole-carbon-novolac-HMTA-FA.novolac-HMTA-FA^carbon, novolac- 
HMTA-FA-carbon-TiBs, resole-carbon-alumina-sihca, carbon-TiB2-resole, 
imidopheiiol-HMTA, poly(N-(hydroxyphenyl) maleimides)-HMTA and 
15 polyimide-novolac. A preferred polymer composite is novolac-FA-HMTA. 

The mesophase carbon can be in the foma of fibers, pellets, platelets or 
powder. The powder form can be obtained by pulverising the mesophase in a ball 
mill. As discussed above, the mesophase may be derived synthetically from 
aromatic hydrocarbons such as naphthalene. Examples include 100% anisotropic 
20 mesophase derived from naphtiialen. The 100% anisotiropic naphthalene may be 
prepared by cationic oligomeiisation catalysed by HF/BF3. The mesophase may 
be untreated or pre-trealed by heating generally up to about 600°C. 

The selection of filler particles largely depends upon the intended use of the 
carbon containing material. Examples of particulate matter include coated or 
25 uncoated fibers, platelets, pigments, fillers, polyesters. metalUc mesh, siUcon 
oxides, graphite, carbon black, carbides or nitrides and inorganic material such as 
aluminium, magnesia, zirconia, bau:dte, clay, alumina, titanium diboride. 
zirconium diboride or titanium oxide. For instance, the inclusion of titanium 
diboride fillers provides a carbon material which can be used as a wetted cathode 
30 in advanced aluminium reduction cells. 



6 -6 8101-ON 



mmu 8 19 -i ra sniH33yi si^si mi 



10 



-9- 

other carbon sources. Th^sc carbon sources include pulverised graphite, carbon 
obtained from the pyrolysis of pure novolac/HlvCrA/FA to lOOO'^C and carbon of 
±e same pure resin after pre-treannent using the profile described in Example 1. 
The resulting mixtures ^.ere then cured and pyrolysed to lOOO^C as described in 
Example 1. Table 1 shows that these carbon sources have similar effects to carbon 
black on the porosity of the final formed carbon/carbon composite. 

Different types of mesophase were tested under the same conditions and 
the results are shown in Table 1 below. THe other mesophase carbon used was 
mesophase derived from naphthalene without pre-treatment Table 1 indicates that 
this mesophase carbon has a similar effect on the porosity of the final formed 
carbon materials as the pre-ti^ated mesophase. The pyrolysis weight loss is also 
much higher. 
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Table 1. 



Effect of other carbon fillers on the carbon material fomiation from 
a novolac/HMTA/FAmixed system 
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Claims . . 

1. A composition suitable for the preparation of a caibon-contaimng material 

including; 

5 (i) a binder phase including an optionally substituted phenolic resin; 

(ii) synthetic mesophase carbon from aromatic hydrocarbons and; 

(iii) inorganic filler particles suitable for use as refractory material for high 
temperature applications. 

2. A composition is claimed in claim 1 wherein the phenolic resin is a phenol- 

10 aldehvde type resin. 

3. A composidon is claimed m claim 2 wherrin the phcnol-aldebyde type resm 

is a phenol-f oimaldehyde type resin. 

4 A composition as claimed in any one of claims 1 to 3 wherein the phenoUc 
re,m is selected from dther resole or novolac and phenolic imide or phenohc 

15 polyamide or mixtures thereof. 

5.: A composition as claimed in any one of claims 1 to 4 wherein the phenolic 

resin is snbstituted with alkyl or imide. 

6 A composition as claimed in claim 5 wherein the alkyl is methyl or t-butyl. 

7, A composition as claimed in claim 5 wbereiri the imide is m^aeimide or 

20 succinimide . , j-. ,. 

8, A composition as claimed in any one of claims 1 to 7 where the refractory 
material is one or more of non oxide refractory materials. 

9, A composition as claimed in claim 8 wherein the non oxide refractory 

' material is boride, carbide and/or nitride. • 
25 10. A composition as claimed in claim 9 wherein the boride is titanitmadibonde 

and/or zirconium diboride. 

11. A composition as claimed in cto 9 wherein the carbide is siUcon caib.de or 
titanium carbide. 

12. A composition as claimed in claim 9 wherein the nitride is sihcon mtnde or 
30 aluminium nitride. 
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13. A composition Z c\^imod in any one of claims 1 to 12 further comprising an 
additive selected from the gronp consisting of crosslinkers, polymerisation 
promoters, catalysts, soaps, wetdng agents, accelerators, hardeners and/or sources 
of foimaldehyde. 

14. A composition as claimed in claim 13 ^/herein the crosslinker is bexamme 
(hexamediylene tetramine (HMTA)). 

15. A composition as claimed in claim 13 wherein the source of formaldehyde is 
formalin, paraform or trioxane. 

16 A composition as defmed in any one of claims 1 to 15 wherein the binder 
phase is selected from the group consisting of novolac-HMTA. novalac-furfuiyl 
alcohol(FA)-HMTA, resole-novolac-HMTA, resole-carbon. resol-carbon-novolac- 
HMTA-FA, novolac-HMTA-FA carbon, novolac-HMTA-FA-carbon-TiB^, resole- 
carbon-alumina-silica. carbon-TiB, resole, imidophenol-HMTA. poly(N- 
(hvdroxyphenyl) maleimides)-HMTA or polyimide-novolac. 

17. A compositioa as defined in claim 16 wherein the binder phase is novolac- 

FA-KMTA. 

18. A composition as claimed in any one of clainis 1 to 17 wherem the 
mesophase carbon is in the form of fibres, pellets, platelets or powder. 

19. A composition as claimed in any one of claims 1 to 18 wherein the 
mesophase carbon is 100% anisotropic mesophase derived from naphthalene. 

20. A composition as claimed in any one of cl^ms 1 to 18 wherein the 
mesophase carbon is pre-treated by heating. 

21 A composition as claimed in any one of claims 1 to 19 wherein the polymer 
' or polymer composite and/or mesophase carbon are presented in the form of a 

25 solution. , . -u 

22. A composition as claimed in claim 21 wherein the solvent used .m the 

solution is mert or chemically reactive. 

23. A composition as claimed in claim 22 wherein the solvent is incorporated m 
the polymer or polymer composite. 

30 24. A composition as claimed in claim 22 or claim 23 wherein the solvent xs 

water or an organic solvent. 
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25. A composition^^ claimed in claim 24 wherein thT organic solvent is an 
aromatic, ketone, alcohoL estex. ether or mixtures thereof. 

26. A composition as claimed in any one of claims 1 to 25 wherein other 
additives known in the polymer ait are included in the polymer, polymer composite 
and/or svnihetic mesophase carbon mixture. 

27. A composition as claimed in any one of claims 21 to 26 wherein the 
mesophase carbon is combined with a solution of novolac/HMTA/FA. 

28. A method for preparing a carbon-containing material inclu^g the steps of: 

(a) mixing a binder phase containing an organic resin component or 
polymer composite with synthetic mesophase carbon and inorganic filler particles 
suitable for use as refractory material for high temperature applications; 

(b) curing the mixture; and 

(c) carbonising the cured mixture to above 800°C. 
29 A method as claimed in claim 28 wherein the mixture of the binder phase 
and the mesophase carbon is cmed at temperatures up to about 205«C under 

pressure. 

30. A method as claimed in claim 28 or 29 wherem the cured mixture is heated 
up to temperatures above about 800°C. 

31 A method as claimed in claim 30 wherein the temperature is about 1000'>C. 

32. An article which is wholly or pardy manufactured from the carbon- 
containing material defined in any one of claims 1 to 32. 

33. An^ article as claimed ui claim 32 which is steel fabrication equipment or 

other engineering products. 
' 34. An article as claimed in claim 33 wherein the steel fabrication equipment is 
25 sUde gates or valves, tap hole blockers or blast furnace linings. 

35. " An article as claimed in claim 34 which is used as part of an electrode in the 
electrolytic production of metals. 

36. An article as claimed in claim 35 wherein the metals are aluminium and/or 
magnesium. 

30 37. An article as claimed in claim 32 or 36 which is used as a refractory liner m 
furnaces used for lugh temperature processing of materials. 
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38. An article as clSmed in claim 37 wherein the materi^s are ferrous and non 
ferrous metals, glasses and ceramics. 

39. An article as claimed in claim 33 wherein the engineering product is thermal 
protection barriers, aerospace components or aircraft, satellite or space craft 
structures. 
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The invention relates to a composition suitable for the preparation of a carbon-containing material including: (i) a binder phase 
containing organic resin component or polymer composite; (ii) mesophase carbon; and (iii) optionally filler particles. The invention further 
relates to a method for preparing a carbon-containing material including the steps of: (a) mixing a binder phase containing an organic resin 
component or polymer composite with mesophase carbon and optionally filler particles; (b) curing the mixture; and (c) heating the cured 
mixture. The invention also provides an article which is wholly or partly manufactured from the carbon-containing material defined above. 
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IMPROVED CARBON-CONTAINING MATERIALS 

The invention relates to improved carbon-containing materials, methods for 
their preparation and articles manufactured from them, in particular steel 
fabrication equipment, electrodes in electrolytic cells used in aluminium 
5 production, refractories in high temperature furnaces and other engineering 
products. 

Carbon bonded composite materials are finding increasing use as 
replacements for traditional ceramic composites. Such replacement usually results 
in greatly improved properties and processing ability. Examples can be found in a 
10 wide range of industries which include those manufacturing refractory products 
such as steel fabrication equipment and electrolytic cells used in aluminium 
production. 

In the preparation of carbon bonded composites, an organic polymer phase 
is converted to a type of carbon during heating which usually progresses through 

15 various temperatures of up to 2000°C. These composites also generally contain 
carbon black fillers which are added to control rheological properties, assist in 
processing or improve mechanical properties. The physical state of the carbon 
may vary from fine particles to fibers and platelets. 

Although this practice has been adopted for many years, the effect of 

20 carbon black on the organic polymer phase formation during curing and the 
carbon stmcture produced during pyrolysis has received little or no attention. We 
have now found that carbon black has a significant impact on the final formation 
of the carbon material from the polymer. In general, the porosity of the carbon 
material derived from polymer resin will increase when more carbon black is 

25 added. This porous structure results in low density and sub optimum mechanical 
properties. We have also found that other carbon sources such as pulverized 
graphite or carbon derived from pyrolysis of phenolic resins exhibit similar effects 
to carbon black. 

Mesophase carbon was developed in the last few years for the purpose of 
30 making graphitic carbon at relative low temperatures of 2000 to 2500°C. 
Mesophase carbon may be derived synthetically or from petroleum pitch. 
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Synthetic mesophase which can be derived from aromatic hydrocarbons such as 
naphthalene consists of up to 100% anisotropy, while mesophase derived from 
petroleum pitch usually has up to 75% anisotropy. Synthetic mesophase was 
developed as a superior precursor to graphitisation and is extensively used in 
5 carbon fiber applications. Such materials are usually used as a binderless mould 
and application temperatures are generally more than 2000°C, 

We have now found that when mesophase carbon is used as a filler in 
combination with an organic polymer binder that carbon materials having 
unexpected and improved properties are obtained. These carbon materials 
10 generally have a low porosity measured as a low surface area, high carbon yield, 
high composite density and good mechanical properties. 

According to one aspect of the present invention there is provided a 
composition suitable for the preparation of a carbon-containing material including: 

(i) a binder phase containing an organic resin component or a polymer 
15 composite; 

(ii) mesophase carbon; and 

(iii) optionally filler particles. 

According to another aspect of the present invention there is provided a 
method for preparing a carbon- containing material including the steps of: 
20 (a) mixing a binder phase containing an organic resin component or 

polymer composite with mesophase carbon and optionally filler particles; 

(b) curing the mixture; and 

(c) heating the cured mixture. 

The term "organic resin component" is used herein in its broadest sense to 
25 denote low molecular weight polymerisable entities through to higher molecular 
weight entities containing many repeat units. The term includes monomers, 
dimers and oligomers. 

A wide range of resin stmctures are possible but generally this stmcture 
will be dictated by resins with a low number of heteroatoms and high carbon 
30 content. Suitable resins are those of the formulae (I) and (II) respectively: 
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R-XH (I) 
POLYMER - R - XH (II) 



wherein X is oxygen, sulphur or nitrogen and R is aryl, imidoaryl, alkyl, alkenyl, 
5 alkynyl or heterocyclyl which may be optionally substituted. 

In this specification "optionally substituted" means a group that may or 
may not be further substituted with one or more groups selected from alkyl, 
alkenyl, alkynyl, aryl, halo, haloalkyl, haloalkenyl, haloalkynyl, haloaryl, hydroxy, 
alkoxy, alkenyloxy, alkynyloxy, aryloxy, carboxy, benzyloxy haloalkoxy, 

10 haloalkenyloxy, haloalkynyloxy, haloaryloxy, nitro, nitroalkyl, nitroalkenyl, 
nitroalkynyl, nitroaryl, nitroheterocyclyl, azido, amino, alkylamino, alkenylamino, 
alkynylamino, arylamino, benzylamino, acyl, alkenylacyl, alkynylacyl, aiylacyl, 
acylamino, acyloxy, aldehydo, alkylsulphonyl, arylsulphonyl, 
alkylsulphonylamino, arylsulphonylamino, alkylsulphonyloxy, arylsulphonyloxy, 

15 heterocyclyl, heterocycloxy, heterocyclylamino, haloheterocyclyl, alkylsulphenyl, 
arylsulphenyl, carboalkoxy, carboaryloxy, mercapto, alkylthio, arylthio, acylthio 
and the like. 

Organic resins components having hydroxyl groups such as those of the 
formulae (I) and (II) above wherein X is oxygen and R is optionally substituted 

20 aryl, for example, phenolic resins or substituted phenolic resins are preferred. 
Suitable phenolic resins include phenol-aldehyde type resins such as 
phenol-formaldehyde type resins, for example, resole or novolac and phenolic 
imide or phenolic polyimide. It will be appreciated that the phenolic resins may 
be substituted with any non-deleterious substituent including alkyl, for example, 

25 methyl or t-butyl; or imide, for example, maleimide or succinimide. 

The desirable composite will have a heteroatom, such as nitrogen in the 
system from polymer or crosslinker or solvent. This can be done by using an 
organic binder having nitrogen, such as polymide; crosslinker, such as HMTA; or 
a solvent, such as pyridine. 

30 The term "polymer composite" is used herein in its broadest sense and 

refers to the combination of an organic resin component with another material, 
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such as, for example, other polymers, particulate matter and/or additives known in 
the polymer art. It will be appreciated that one or more of the other materials may 
be inert or chemically reactive. The polymers may be selected from those defined 
above and can be in the form of a solution, dispersions, fibers or particles. The 
5 additives may include crosslinkers such as hexamine which is also known as 
hexamethylene tetramine (HMTA), polymerisation promoters, catalysts, soaps, 
wetting agents, accelerators, hardeners and sources of formaldehyde such as 
formalin, paraform or trioxane. Suitable polymer composites include novolac- 
HMTA, novalac-flirfuryl alcohol(FA)-HMTA, resole-novolac-HMTA, resole- 

1 0 carbon, resole-carbon-novolac-HMTA-FA,novolac-HMTA-F A-carbon, novolac- 
HMTA-FA-carbon-TiB25 resole-carbon-alumina-silica, carbon-TiB2-resole, 
imidophenol-HMTA, poly(N-(hydroxyphenyl) maleimides)-HMTA and 
polyimide-novolac. A preferred polymer composite is novolac-FA-HMTA. 

The mesophase carbon can be in the form of fibers, pellets, platelets or 

15 powder. The powder form can be obtained by pulverising the mesophase in a ball 
mill. As discussed above, the mesophase may be derived synthetically firom 
aromatic hydrocarbons such as naphthalene or fi*om petroleum pitch. Examples 
include 100% anisotropic mesophase derived fi"om naphthalene and 75% 
anisotropic mesophase derived fi-om petroleum pitch. The 100% anisotropic 

20 naphthalene may be prepared by cationic oligomerisation catalysed by HF/BF3. 
The mesophase may be untreated or pre-treated by heating generally up to about 
600°C. 

The selection of filler particles largely depends upon the intended use of the 
carbon containing material. Examples of particulate matter include coated or 

25 uncoated fibers, platelets, pigments, fillers, polyesters, metallic mesh, silicon 
oxides, graphite, carbon black, carbides or nitrides and inorganic material such as 
aluminium, magnesia, zirconia, bauxite, clay, alumina, titanium diboride, 
zirconium diboride or titanium oxide. For instance, the inclusion of titanium 
diboride fillers provides a carbon material which can be used as a wetted cathode 

30 in advanced aluminium reduction cells. 
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The organic resin component, polymer composite and/or mesophase carbon 
may be presented in the form of a slurry, suspension or dispersion. The solvent 
used in the slurry, suspension or dispersion can be inert or chemically reactive and 
may contribute to the properties of the organic resin component or polymer 
5 composite. It is often advantageous for the solvent or its reaction products to be 
incorporated into the polymer derived carbon. This also reduces the loss of weight 
of the organic resin component or polymer composite on curing. The choice of 
solvent will depend on the type of organic resin component, polymer composite 
and/or mesophase carbon employed. An example of such a solvent is fiirfiiryl 

10 alcohol. Other solvents include water or organic solvents such as aromatics, for 
example, toluene or benzene; ketones, for example, methyl ethyl ketone; alcohols, 
for example, FA or glycol (G); esters; ethers, for example, tetrahydrofuran (THF) 
or dioxane; or mixtures thereof. 

Other additives known in the polymer art such as those defined above may 

15 also be included in the organic resin component, polymer composite and/or 
mesophase carbon mixture. In a preferred embodiment, the mesophase carbon is 
combined with a solution of novolac/HMTA/FA. 

The binder phase may be mixed with the mesophase carbon in step (a) of 
the method of the invention using any suitable known apparatus, such as, for 

20 example, an Eirich mixer. The mixture of the binder phase and the mesophase 
carbon is generally cured at temperatures up to about 205°C. Curing is normally 
carried out under atmospheric pressure but can employ vacuum assistance or use 
elevated pressure in autoclaves to either draw off or retain more volatile species in 
specific mixtures. The cured mixture is then heated or pyrolysed in step (c) at 

25 temperatures sufficient to carbonise the material to a suitable form. This occurs at 
temperatures above about SOC^C but higher temperatures may be employed to 
further improve the structure and chemical stability. In certain applications, the 
final temperature can be as high as about 2000°C. The choice of temperature in 
part depends on the composition and properties of any filler particles, and on the 

30 desired end use. 
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The carbon-containing material of the present invention has many desirable 
properties including controlled surface area, high density, good mechanical 
strength, Strain to Failure (StF) values and anti-corrosion properties. For example, 
the carbon-containing material may have a total surface area of 20 mVg (Langmuir 
5 method) which gives excellent anti-corrosion, a high mechanical strength of about 
60 MPa after curing and about 58 MPa after heating, a high carbon density of 
more than about 1.4 g/cm^ and improved oxidation resistance with the oxidation 
temperature under O2 being higher than about STO'^C. 

These desirable properties enable the carbon-containing material of the 

10 present invention to have various industrial applications. High performance 
carbon materials having an ti -corrosion properties are often required by the 
refi-actory industry to form cathodes in aluminium reduction cells or bricks in steel 
making vessels. On the other hand, good mechanical and anti-oxidation properties 
of carbon materials are important in the products used in steel processing. 

15 Thus, the present invention also extends to articles manufactured fi-om the 

carbon-containing material, for example, steel fabrication equipment such as slide 
gates or valves, tap hole blockers and blast fiamace linings, electrolytic cells used 
in aluminium production and other engineering products such as thermal 
protection barriers, aerospace components and aircraft, satellite and space craft 

20 stmctures. 

The method used to prepare the carbon-containing material of the present 
invention is simple and the precursors of the binder phase and the mesophase 
carbon are commercially available and cheap. Accordingly, the present invention 
has the capability of producing a high performance material in an efficient and 
25 economical way. 

The invention will now be described with reference to the following 
examples. These examples are not to be constmed as limiting the invention in any 
way. 

In the examples, reference will be made to the accompanying drawings in 

30 which: 
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Figure 1 is a graph showing a comparison between the surface areas of 
carbon materials containing mesophase and carbon black; 

Figure 2 is a graph showing a comparison between the densities of carbon 
materials containing mesophase and carbon black; 
5 Figure 3 is two graphs showing a comparison between the maximum 

strength of carbon materials containing mesophase and carbon black after (a) 
curing and (b) heating; 

Figure 4 is six scanning electron microscope (SEM) images of composites 
having resin and (a)-(c) carbon black and (d)-(f) mesophase; 
10 Figure 5 is three graphs showing (a) pore size distribution of carbon made 

from 100% polymer after pyrolysis to 1000°C, (b) pore size distribution of carbon 
made from 50% CB in polymer after pyrolysis to 1000°C and (c) pore size 
distribution of carbon made from 50% MPN in polymer after pyrolysis to lOOO'^C; 
and 

15 Figure 6 is a graph comparing carbon densities from composites made 

using an additive of carbon black (CB) and mesophase (MPN) in a material 
containing titanium diboride filler particles. 

EXAMPLE 1 

20 A mesophase pitch synthesised from naphthalene by catalytic reduction 

with HF/BF3 is pre-heated under constant argon flow (7 ml/min). The pre-heating 
program used was 50*^C/h to 500^C, keeping at that temperature for 1 hour 
followed by further 50°C/h to 600^C. The pre-treated mesophase was then 
pulverised with a ball mill for 1 min into powder before being blended with 

25 novolac resin with HMTA as the crosslinker in the solvent FA. The ratio of 
novolac/HMTA/FA was 40/8/52. Various samples with different ratios of resin 
and mesophase were prepared using this method and subsequently cured to 205^C 
over approximately 30 hrs at atmospheric pressure. 

The cured composites were then pyrolysed to 1000°C at a rate of 50°C/h 

30 under an argon flow at 7 ml/min. The carbon-containing material produced was 
subsequently pulverised into a grain before various property tests were conducted. 
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Figure 1 shows the surface area of these carbon samples compared with 
samples prepared using the same methods, but where the mesophase was replaced 
by carbon black (CB). The surface area was obtained by measuring with N2 at 77 
K using a Langmuir Equation. The results show that, unlike the carbon black as a 
5 filler, the mesophase/resin system produces a low porosity carbon-containing 
material. 

EXAMPLE 2 

The pre-treated mesophase obtained in Example 1 was mixed with a 
10 novolac/HMTA (40/8 in ratio) resin powder in various amounts. 1 g of each 
mixed sample was then cold moulded into a block having the dimensions of 13 
mm in diameter and 5-6 mm in thickness. The pressure used in moulding was 400 
kg/cm . The blocks were then cured and carbonised as described in Example 1 . 
The bulk densities of the blocks after moulding, curing and carbonisation were 
15 calculated by measuring their dimension and weight. 

Figure 2 shows that final carbon densities are higher with resins blended 
with mesophase compared to those blended with carbon black produced in the 
same way. Such high density results in a high strength in the mechanical tests as 
shown in Figures 3a and 3b. After curing, the maximum strength of the blocks 
20 were similar in the range of additive to about 70 to 90% with both mesophase and 
carbon black derived blocks. However, pyrolysed blocks in the same range have a 
much higher maximum strain when mesophase is blended with the resin. The 
carbon black blended carbon material has a poor mechanical strength after 
pyrolysis. 

25 The surface area measurement of the samples pulverised fi"om the blocks 

resulted in the similar effects observed in Example 1 . 

EXAMPLE 3 

The effects of carbon material derived ft-om other sources, but not 
30 mesophase were also tested with a novolac resin. The novolac/HMTA/FA system 
described in Example 1 was blended with 50% of carbon powder pulverised firom 
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other carbon sources. These carbon sources include pulverised graphite, carbon 
obtained from the pyrolysis of pure novolac/HMTA/FA to lOOO^C and carbon of 
the same pure resin after pre-treatment using the profile described in Example 1. 
The resulting mixtures were then cured and pyrolysed to 1000°C as described in 
5 Example 1 . Table 1 shows that these carbon sources have similar effects to carbon 
black on the porosity of the final formed carbon/carbon composite. 

Different types of mesophase were tested under the same conditions and 
the results are shown in Table 1 below. The other mesophase carbons used were 
mesophase derived from naphthalene without pre-treatment and mesophase 
10 derived from pitch with about 75% anisotropy. Table 1 indicates that these 
mesophase carbons have a similar effect on the porosity of the final formed carbon 
materials as pre-treated mesophase. The pyrolysis weight loss is also much 
higher. 

15 Table 1. Effect of other carbon fillers on the carbon material formation from 
a novolac/HMTA/FA mixed system 





50% 
Carbon 
Black 


50% 
pre-treated 
mesophase 


50% 
graphite 


50% 
resin 
carbon 


50% 
pre- 
treated 
resin 


50% 
un-treated 
mesophase 


50% 
pitch 
mesophase 


Cure 

Weight 

Loss 

(%) 


11 


12 


10 


19 


12 


11 


13 


Pyrolysis 

Weight 

Loss 

(%) 


18 


25 


19 


25 


21 


35 


27 


Surface 
Area 


266 


33 


46 


266 


215 


12 


17 



20 
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EXAMPLE 4 

The novolac/HMTA/FA system described in Example 1 was blended with 
50% carbon black or 50% treated mesophase powder pulverized by a ball mill 
method. The composites formed with this method were then cured and pyrolysed 
5 to 1000°C as described in Example 1 being subjected to scanning electron 
microscopy (SEM) as shown in Figure 4. Figures 4a to 4c are the SEM images of 
the composite having 50% carbon black resin with different amplification. 
Figures 4d to 4f are the equivalent images of the composite having 50% 
mesophase and resin. As shown in the figures, the images with resin/carbon black 
10 composites appears as a non-homogeneous form where the carbon black powder 
can be clearly identified. On the other hand, the image of the block from the 
resin/mesophase composite gives a uniform material, indicating a strong 
interaction between resin and mesophase during curing and pyrolysis. 

15 EXAMPLES 

The novolac/HMTA/FA system described in Example 1 was blended with 
the powder of 50% carbon black (CB) or 50% mesophase (MPN), respectively. 
These powders were made by pulverization within a ball mill. The formed 
composites, together with pure resin, were cured and pyrolysed to 1000°C as 

20 described in Example 1. The resultant carbon and carbon composites were 
degassed under an argon flow at 400*^C for 48 hours followed by full isotherm 
adsorption measurements with nitrogen at 77 K using a ASAP 2010 surface 
analyzer. A DFT plus software supplied with the analyzer then calculated the 
measured full isotherm curves to provide the pore size distributions. Figure 5 

25 shows the pore size distributions calculated fi-om these tested samples. 

The carbons derived fi-om pure resin polymer gave a low surface area 
of 21 mVg and no significant micropores appeared in the distribution, as shown 
in Figure 5(a). However, when 50% carbon black was mixed with the resin, the 
measured surface area increased to 266 mVg as shown in Table 1 above and this 

30 porosity is mainly contributed by micropores (8-10 A pore width. Figure 5(b)). 
Assuming that the low surface area carbon black (--10 m /g) did not become 
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porous during the pyrolysis based on the results in Figure 1, the huge porosity 
from the composites with CB was obviously due to the effect of adding carbon 
black to the resin polymer during its carbonization. When 50% MPN was used, 
this additive did not create any significant micropores in the carbons derived from 
5 polymer (Figure 5(c)). Therefore, using MPN to replace CB as an additive in the 
composite avoids the formation of micropores in carbon derived from polymer. 

EXAMPLE 6 

Two types of cement were formed by mixing of 24% of novolac, 34% of 
10 fiirftiryl alcohol, 4.6% of HMTA and 37.4% of two different additives: carbon 
black and mesophase, respectively. 6.5% of each of these two cements was then 
mixed, respectively, with 93.5% titanium diboride (TiB2). Two batches of 5.1 kg 
of each mixture were then compacted in a vibroformer make a lab block of the 
size about 150 x 150 x 60 mm. The pressure used to compact the block was 
15 standard pressure of 200 psi x 50 followed by vibration forming at 100 psi. The 
densities of the formed lab blocks and their saturation values are given in Table 2 
below. 



Table 2. Physical data of tested lab blocks after compaction and pyrolysis 



Sample Name 


CBl 


CB2 


MPNl 


MPN2 


Density after 
compaction (g/cm^) 


3.45 


3.54 


3.52 


3.52 


Saturation after 
compaction (%) 


90.0 


92.4 


91.8 


91.8 


Shrinkage after 
pyrolysis (%) 


0.03 


-0.19 


-0.35 


-0.31 


Weight Loss after 
pyrolysis (%) 


1.95 


1.95 


2.27 


2.30 



o 

These blocks were then cured to 205 C in an oven, and pyrolysed to 
1000 C while the blocks were packed in petroleum coke. The total weight 
losses after pyrolysis were similar for both types of composites and there was no 
obvious size shrinkage observed from these blocks (Table 2). However, the 
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density of the carbon composite made with MPN as an additive has a value of 
3.44 g/cm*^ compared with the value of 3.38 g/cm^ of the composite using 
carbon block as an additive (Figure 6). 

5 EXAMPLE 7 

Each of the 4 lab blocks of the carbon composites obtained in Example 6 
was cut in half and then sectioned into 6 strength bars having a size of 25 x 30 
150 mm. These bars were then subjected to a three points bend test. Table 3 
below gives the results from these mechanical tests. 

10 

Table 3. Mechanical test results from 3 points bend test for the composites 



made using CB and MPN as additives 



Samples 


CB 


MPN 


Strength (MPa) 
(average of 8 bars from the 
center of the composite) 


2.71 


6.57 


Young's Modulus (MPa) 
(average of 8 bars) 


715 


1630 


Strain to Failure (StF) 
(%) 


0.38 


0.40 



The results show that the composites made using MPN as an additive 
15 have approximately double the mechanical strength of the composites using CB 
as an additive. This result is in agreement with the result of the composites 
formed by polymer/additive only system (Example 2). The Young's Modulus 
of MPN sample also increased from 715 to 1630 MPa compared to the CB 
sample. Although the Young's Modulus has increased, the Strain to Failure of 
20 MPN sample has also increased from 0.38 % to 0.4 % highlighting the 
improved mechanical properties. 

EXAMPLE 8 

The lab blocks of carbon composites obtained in Example 6 were cut into 
25 the standard size of 25 x 30 x 150 mm and then subjected to compression tests. 
Table 4 below shows the results of these tests. 
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Table 4. Mechanical test results from compression test for the composites 
made using CB and MPN as additives 



Samples 


CB 


MPN 


Strength (MPa) 
(average of 6 samples) 


11.9 


25.8 


Young's Modulus (MPa) 
(average of 6 samples) 


1057 


1720 



5 Similar to the observation in Example 7, the mechanical strength of the 

MPN sample is 2.5 times stronger than the sample of CB. The Young's Modulus 
also increased from 1057 to 1720 MPa. 
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Claims 

1. A composition suitable for the preparation of a carbon-containing 
material including: 

(i) a binder phase containing an organic resin component or polymer 
5 composite; 

(ii) mesophase carbon; and 

(iii) optionally filler particles. 

2. A composition as claimed claim 1 wherein the organic resin component 
has the formula (I) or (II): 

10 R-XH (I) 

POLYMER-R-XH (II) 
wherein X is oxygen, sulphur or nitrogen and R is optionally substituted aryl, 
optionally substituted imidoaryl, optionally substituted alkyl, optionally 
substituted alkenyl, optionally substituted alkynyl or optionally substituted 

15 heterocylclyl. 

3. A composition as claimed in claim 2 wherein the organic resin 
component is of the formula (I) or (II) wherein X is oxygen and R is optionally 
substituted aryl. 

4. A composition as claimed in claim 2 or 3 wherein the organic resin 
20 component is an optionally substituted phenolic resin. 

5. A composition is claimed in claim 4 wherein the phenolic resin is a 
phenol-aldehyde type resin. 

6. A composition is claimed in claim 5 wherein the phenol-aldehyde type 
resin is a phenol-formaldehyde type resin. 

25 7. A composition as claimed in any one of claims 4 to 6 wherein the 
phenolic resin is selected from either resole or novolac and phenolic imide or 
phenolic polyimide or mixtures thereof. 

8. A composition as claimed in any one of claims 4 to 7 wherein the 
phenolic resin is substituted with alkyl or imide. 
30 9. A composition as claimed in claim 8 wherein the alkyl is methyl or t- 
butyl. 
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10. A composition as claimed in claim 8 wherein the imide is maleimide or 
succinimide . 

11. A composition as claimed in any one of claims 1 to 10 wherein the 
polymer composite is a combination of an organic resin component with another 

5 material. 

12. A composition as claimed in claim 1 1 wherein the material is other 
polymers, particulate matter and/or additives known in the polymer art. 

13. A composition as claimed in claim 11 or 12 wherein the polymer is an 
organic resin component as defined in any one of claims 2 to 10. 

10 14. A composition as claimed in any one of claims 11 to 13 wherein the 
polymer is in the form of dispersions, fibers or particles. 

15. A composition as claimed in any one of claims 14 to 16 wherein the 
particulate matter is coated or uncoated fibers, platelets, pigments, fillers, 
polyesters, metallic mesh, silicon oxides, graphite, carbon black, carbides, 

1 5 nitrides and/or inorganic material. 

16. A composition as claimed in claim 15 wherein the inorganic material is a 
refractory material suitable for high temperature applications. 

17. A composition as claimed in claim 15 wherein the inorganic material is 
an oxide or silicate. 

20 18. A composition as claimed in claim 17 wherein the oxide or silicate is 
magnesia, zirconia, chromate, bauxite, clay or alumina. 

19. A composition as claimed in claim 16 where the refi-actory material is 
one or more of non oxide refractory materials. 

20. A composition as claimed in claim 19 wherein the non oxide refi-actory 
25 material is boride, carbide and/or nitride. 

21. A composition as claimed in claim 20 wherein the boride is titanium 
diboride and/or zirconium diboride. 

22. A composition as claimed in claim 20 wherein the carbide is silicon 
carbide or titanium carbide. 

30 23. A composition as claimed in claim 20 wherein the nitride is silicon 
nitride or aluminium nitride. 
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24. A composition as claimed in any one of claims 12 to 23 wherein the 
additives are crosslinkers, polymerisation promoters, catalysts, soaps, wetting 
agents, accelerators, hardeners and/or sources of formaldehyde. 

25. A composition as claimed in claim 24 wherein the crosslinker is 
5 hexamine (hexamethylene tetramine (HMTA)). 

26. A composition as claimed in claim 24 wherein the source of 
formaldehyde is formalin, paraform or trioxane. 

27. A composition as claimed in any one of claims 11 to 26 wherein the 
polymer composite is novoiac-HMTA, novalac-furfliryl alcohol (FA)-HMT A, 

1 0 resole-novolac-HMTA, resole-carbon, resol-carbon-novolac-HMTA-FA, 
novolac-HMTA-FA carbon, novolac-HMTA-FA-carbon-TiB2, resole-carbon- 
alumina-silica, carbon-TiB2 resole, imidophenol-HMTA, poly(N- 
(hydroxyphenyl) maleimides)-HMTA or polyimide-novolac. 

28. A composition as claimed in any one of claims 11 to 27 wherein the 
15 polymer composite is novolac-FA-HMTA. 

29. A composition as claimed in any one of claims 1 to 28 wherein the 
mesophase carbon is in the form of fibers, pellets, platelets or powder. 

30. A composition as claimed in any one of claims 1 to 29 wherein the 
mesophase is derived synthetically from aromatic hydrocarbons. 

20 31. A composition as claimed in claim 30 wherein the aromatic 
hydrocarbons are hydrocarbons, naphthalene or petroleum pitch. 
32. A composition as claimed in any one of claims 1 to 31 wherein the 
mesophase carbon is 100% anisotropic mesophase derived from naphthalene or 
75% anisotropic mesophase derived from petroleum pitch. 

25 33. A composition as claimed in any one of claims 1 to 32 wherein the 
mesophase carbon is pre-treated by heating. 

34. A composition as claimed in any one of claims 1 to 33 wherein the 
polymer or polymer composite and/or mesophase carbon are presented in the 
form of a solution. 

30 35. A composition as claimed in claim 34 wherein the solvent used in the 
solution is inert or chemically reactive. 
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36, A composition as claimed in claim 35 wherein the solvent is incorporated 
in the polymer or polymer composite. 

37. A composite as claimed in claim 35 or claim 36 wherein the solvent is 
water or an organic solvent. 

5 38. A composition as claimed in claim 37 wherein the organic solvent is an 
aromatic, ketone, alcohol, ester, ether or mixtures thereof. 

39. A composition as claimed in any one of claims 1 to 38 wherein other 
additives known in the polymer art are included in the polymer, polymer 
composite and/or mesophase carbon mixture. 
10 40. A composition as claimed in any one of claims 34 to 39 wherein the 
mesophase carbon is combined with a solution of novolac/HMTA/FA. 

41. A method for preparing a carbon-containing material including the steps 
of: 

(a) mixing a binder phase containing an organic resin component or 
15 polymer composite with mesophase carbon and optionally filler particles; 

(b) curing the mixture; and 

(c) heating the cured mixture. 

42. A method as claimed in claim 41 wherein the mixture of the binder phase 
and the mesophase carbon is cured at temperatures up to about 205°C under 

20 pressure. 

43. A method as claimed in claim 41 or 42 wherein the cured mixture is 
heated up to temperatures above about 800°C. 

44. A method as claimed in claim 43 wherein the temperature is about 
lOOO^C. 

25 45. An article which is wholly or partly manufactured from the carbon- 
containing material defined in any one of claims 1 to 40. 

46. An article as claimed in claim 45 which is steel fabrication equipment or 
other engineering products. 

47. An article as claimed in claim 46 wherein the steel fabrication equipment 
30 is slide gates or valves, tap hole blockers or blast fiimace linings. 
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48. An article as claimed in claim 41 or 42 which is used as part of an 
electrode in the electrolytic production of metals, 

49. An article as claimed in claim 48 wherein the metals are aluminium 
and/or magnesium. 

5 50. An article as claimed in claim 41 or 42 which is used as a refractory liner 
in furnaces used for high temperature processing of materials. 
51. An article as claimed in claim 50 wherein the materials are ferrous and 
non ferrous metals, glasses and ceramics. 
• 52. An article as claimed in claim 46 wherein the engineering product is 
10 thermal protection barriers, aerospace components or aircraft, satellite or space 
craft structures. 
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